A 66-year-old man was admitted to undergo treatment for the sudden onset of hypogastric pain radiating to the left flank. Based on the clinical presentation and radiological findings, left adrenal hemorrhage secondary to hepatocellular carcinoma was diagnosed. Although the patient was hemodynamically stable, anemia progressed over the first four days after admission and a blood transfusion was subsequently initiated, which was effective. According to the results of interval imaging with computed tomography, elective transcatheter embolization (TAE) was performed nine days after admission to treat the bleeding from the adrenal tumor. After TAE, the patient's abdominal pain resolved, with no further progression of anemia.
Introduction
The adrenal gland is a common site of metastasis of hepatocellular carcinoma (HCC). The incidence of adrenal metastasis is approximately 10% (1, 2) , and adrenal hemorrhage due to metastatic HCC has been reported in a few cases (3, 4) . However, there are currently no definitive guidelines for the treatment of adrenal hemorrhage resulting from metastasis, and transcatheter arterial embolization (TAE) and/or surgical intervention tend to be applied to stop tumor bleeding. We herein report a case of adrenal hemorrhage secondary to HCC metastasis. After referring to the results of interval imaging with computed tomography (CT) and blood tests, we successfully treated the adrenal bleeding with elective TAE. In severely cirrhotic patients with adrenal hemorrhage due to HCC who are hemodynamically stable, interval imaging to determine the possibility of resolution of the hematoma prior to elective TAE is thought to be a more feasible treatment strategy than performing surgery in these high-risk cases.
Case Report
A 66-year-old man presented to the emergency department of another hospital with the sudden onset of hypogastric pain radiating to the left flank and was ultimately referred to our hospital for further evaluations. The patient's past medical history included the identification of the antibody to hepatitis C virus on a routine medical checkup at 57 years of age. HCC was subsequently detected on abdominal ultrasonography (US) two years later. Although transcatheter arterial chemoembolization (TACE) was performed a total of six times, the HCC continued to grow and began to invade the portal vein. Therefore, radiation therapy was initiated, with a total of 60 gray (Gy) administered to the lesion. CT performed four months before admission showed a solitary mass in the left adrenal gland measuring 25×20 mm (Fig. 1A) ; two months later (two months prior to the current admission) the tumor had increased in size to 50×30 mm (Fig. 1B) .
On a physical examination, the patient was afebrile, with a regular pulse of 83 beats/min and blood pressure of 143/ 85 mmHg, and there was tenderness in the left upper quadrant. The laboratory findings included the following data 3 pg/mL), adrenaline level of 0.02 ng/mL (reference range: ! 0.1 ng/mL), noradrenaline level of 0.10 ng/mL (reference range: 0.10-0.45 ng/ mL) and dopamine level of 0.01 ng/mL (reference range: ! 0.02 ng/mL). Contrast-enhanced CT on admission revealed a 72×62 mm contrast-enhanced mass in the left adrenal gland with surrounding hematoma formation in the left perirenal fascia and splenic hilum extending to the left subdiaphragmatic space (Fig. 1C ). There also appeared to be extravasation from the solitary mass, and we strongly suspected adrenal hemorrhage as a result of adrenal metastasis of HCC. On hospital day 4, although the patient's vital signs remained stable, the hemoglobin level decreased from 10.9 g/ dL to 7.6 g/dL; therefore, 4 units of packed red blood cells were administered. The blood transfusion was effective for treating the anemia, and a repeat CT scan revealed that the left adrenal hematoma had become enlarged (Fig. 1D ). Hence, TAE was performed on hospital day 9 to treat the adrenal hemorrhage. During TAE, transfemoral abdominal angiography identified the superior adrenal artery, a branch of the inferior phrenic artery, as the site of bleeding ( Fig. 2A) . Embolization was performed using Gelpart (gelatin particles) and Lipiodol (ethiodized oil), and the adrenal bleeding was controlled successfully (Fig. 2B ). In addition, the patient's abdominal pain completely resolved, and he was discharged 19 days after admission. Following the embolization procedure, no further progression in anemia was noted during the follow-up period since the time of discharge to the present.
Discussion
Adrenal hemorrhage secondary to HCC metastasis is very rare. We reviewed the English medical literature (using the key words "adrenal hemorrhage, hepatocellular carcinoma") and found only two case reports of adrenal hemorrhage secondary to HCC metastasis (3, 4) .
In a review of 133 reported cases of hemorrhagic adrenal masses, the most commonly reported pathologic diagnosis was pheochromocytoma (64 cases, 48%), followed by me- -Fetoprotein, DCP: Des-Gamma Carboxyprothrombin, CRP: C-Reactive Protein, ACTH: Adrenocorticotropic Hormone tastatic lesions to the adrenal gland (27, 20%), pseudocysts/ adenoma (23, 17%), myelolipoma (13, 10%), pseudocysts during pregnancy (5, 4%) and lipoma (1, 1%). The most common malignant lesions were adrenocortical tumors (9 cases, 33%), followed by metastasis to the lungs (9, 33%), kidneys (2, 7%) and one case (4%) each of the following cancers: colon, thyroid, bladder, soft tissue, bone, hepatic angiosarcoma and hepatoma. Most patients (105 cases, 79%) underwent adrenalectomy alone, seven (5%) underwent TAE prior to adrenalectomy, two (2%) underwent embolization alone and 19 (14%) did not undergo embolization or adrenalectomy (5). Marti et al. established a treatment algorithm for patients with hemorrhagic adrenal masses. According to this algorithm, if patients with nonfunctional hemorrhagic adrenal tumors are hemodynamically stable, interval imaging is recommended to assess for possible resolution of the hematoma. On the other hand, in patients who are hemodynamically unstable, TAE prior to emergent laparotomy is recommended. In the current case, interval imaging was performed prior to TAE because the patient was hemodynamically stable, and the elevated ACTH and cortisol levels and normal catecholamine level did not indicate a hormonally active tumor, but rather physiological stress. We suspected that the adrenal hemorrhage had resolved naturally because the patient's vital signs were stable and the hematoma was localized in the left retroperitoneal space. Indeed, Marti J.L. et al. reported a case of sepsis due to a perforated colon in which the left adrenal hematoma resolved after six months as well as a case of adrenal metastasis of lung cancer in which the hematoma decreased in size six months after chemotherapy (5). In the current case, because interval imaging revealed that the hematoma had progressively become enlarged and the anemia was exacerbated simultaneously, TAE was chosen to treat the adrenal hemorrhage. Considering the outcome in this case, conducting interval imaging and blood tests prior to elective TAE should be a strategy for managing adrenal hemorrhage secondary to HCC metastasis, similar to the management strategies for intrahepatic HCC rupture. HCC with adrenal metastasis is accompanied by advanced liver damage, placing these patients at high risk for surgery. We believe the approach taken in the current case is more feasible for treating liver cirrhosis patients.
In general, ruptured HCC occurs in 3% to 15% of patients with HCC (6) . Although the exact mechanisms of HCC rupture remain unknown, it has been hypothesized that HCC rupture arises from rapid tumor growth and necrosis, resulting in splitting of the overlying nontumorous liver parenchyma and/or vessel erosion, with increased intratumoral pressure associated with occlusion of the hepatic veins due to coagulopathy, vascular dysfunction and tumor thrombosis or invasion (6) . The precise mechanisms of adrenal hemorrhage caused by HCC metastasis are also unclear due to the rarity of this condition. The adrenal gland has a rich blood supply and is particularly susceptible to hemorrhage (7) . An enhanced blood supply or disturbance of blood efflux may easily induce vascular splitting and thrombosis. We hypothesized that the rapid growth of HCC enhances the adrenal blood supply and induces the formation of vascular splits. Indeed, rapid enlargement of the tumor (from 25×20 mm to 50×30 mm over two months) was detected prior to admission in the current case (Fig. 1A, B) . The risk of adrenal hemorrhage due to HCC metastasis is associated with the speed of tumor growth.
The adrenal gland is the fourth most frequent site of distant metastasis of HCC after the lungs, lymph nodes and bone (1, 2) . The management of adrenal metastasis remains controversial. In a previous report, the median survival duration was only 11.05 months in 30 patients with adrenal metastases. Among the 25 patients with well-controlled intrahepatic lesions, the median survival time was 21.41, 11.05 and 5.64 months for the patients who received adrenalectomy, non-surgical therapies (including TACE or chemotherapy and radiotherapy) and no treatment, respectively (8) . On the other hand, if intrahepatic HCC is not well controlled or extrahepatic HCC, including adrenal metastasis, is detected, radiofrequency ablation (RFA) with and without TAE (9, 10), percutaneous ethanol injection (PEIT) (11), radiation therapy (12) and/or systemic chemotherapy (13) are applicable. To our knowledge, there are no previous studies comparing these treatment modalities.
In the current case, surgical resection of adrenal metastasis of HCC was not indicated before or after the onset of adrenal bleeding because the intrahepatic HCC was not well controlled, as evidenced by portal invasion. Although RFA with or without TACE or PEIT would have been applicable for controlling the adrenal metastasis, we did not select these methods because they are not well established. Furthermore, external beam radiation for the left adrenal lesion carried the risk of irradiating the intestines, and TACE monotherapy is thought to be ineffective in such cases because the adrenal gland has three feeder arteries (inferior phrenic artery, abdominal aorta, renal artery). Hence, we judged the only treatment alternative to be careful observation of the adrenal metastasis of HCC prior to the development of bleeding. However, adrenal bleeding occurred unexpectedly, and treatment with systemic chemotherapy and TACE was planned to manage the left adrenal HCC metastasis.
In conclusion, we treated a case of adrenal metastasis and hemorrhage secondary to HCC. Similar to that observed in cases of intrahepatic HCC rupture, if the patient is hemodynamically stable, interval imaging to assess for possible resolution of the hematoma prior to performing elective TAE is considered a useful strategy for management in cases of adrenal hemorrhage secondary to HCC metastasis, as cirrhotic patients tend to have advanced liver damage and are therefore at high risk for surgery.
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